This case study examines the longitudinal jump data of 1 male and 1 female world-class mogul skier over the course of a quadrennial leading to the 2010 Winter Olympics. Between-subjects standard deviation, smallest worthwhile enhancement, % coefficient of variance, and effect size (ES) were calculated from team jump testing taking place immediately preceding the 2010 Winter Olympics, as this was deemed the point in the quadrennial that the athlete group would be most likely near their best performance. These data were then used to characterize the progression of explosive power of elite mogul skiers over an Olympic quadrennial. Jump data for both the male and the female athlete showed trivial to large improvements in jump performance from Q1 (quadrennial year 1) to Q2, variable changes in performance from Q2 to Q4, and an overall improvement (small to large ES) from Q1 to Q4. Explosive power is a critical component of performance for moguls, and an analysis of the group data (Canadian athletes 2006(Canadian athletes -2010 shows that of all performance markers, jump testing is the variable that clearly delineates between World Cup and developmental athletes.
Competitive mogul skiing requires explosive force development to navigate the turns and aerial maneuvers required of the sport. 1 The squat-jump (SJ), countermovement-jump (CMJ), depth-jump (DJ), and box-jump (BJ) tests are valid and reliable measures of explosive leg power. 2, 3 These measures have been used extensively in both the laboratory and the field to monitor seasonal variation in explosive power of athletes. 4 However, to our knowledge this is the first collection of longitudinal jump data on world-class mogul skiers. To assess real changes in explosive power, it is important to establish the smallest worthwhile enhancement (SWE) and the typical error of measurement (%CV) to determine whether changes are real or a result of measurement variability. 5 Thus, the objectives of this case study were twofold: to use existing elite athlete mogul jump data to establish the %CV and SWE for the jump tests and to characterize the progression of explosive power of elite mogul skiers over an Olympic quadrennial.
Methods
Jump data from the preseason camp of 2009 (Table 1; 2009 data N = 12 athletes, 3 trials each per jump-SJ, DJ, CMJ, and 1 trial for the BJ) was used to calculate %CV and SWE, which were then applied to track changes of a male and female World Cup skier over the quadrennial leading into the 2010 Winter Olympics.
The best of 3 trials was measured for SJ, CMJ, and DJ using Optojump by Microgate (Mahopac, NY). For the BJ, the athlete alternated jumping down from and back to the top of a box (45 cm high) 20 times as quickly as possible as recorded via Dartfish software. 6 Formal jump testing occurred twice a year at preseason and postseason camps following a standardized protocol (same tester, equipment, warm-up, test order, time of day) and informally throughout the competitive season. Effect sizes (ES) were used to examine and interpret the magnitude of change over the quadrennial, 7 with inferences made using the criteria suggested by Rhea. 8 SWE was calculated to establish the magnitude of change that is associated with a meaningful effect on performance and was determined using methods recommended by Hopkins 5 for a fitness test that does not directly reflect performance (SWE = between-subjects SD × 0.2). Between-subjects SD, SWE, %CV, and ES were calculated from team jump testing taking place immediately preceding the 2010 Winter Olympics, as this was deemed the point in the quadrennial at which the athlete group would be most likely near their best performance.
Results
Twelve elite mogul skiers were used to establish SWE and %CV. Descriptive characteristics were n = 7 men, mean age 21.9 ± 4.1 years, height 176.6 ± 6.3 cm, weight 71.5 ± 6.6 kg, and n = 5 women, mean age 24 ± 4.2 years, height 160.5 ± 7.9 cm, weight 59.6 ± 6.8 kg. The 2 athletes who were tracked over the quadrennial were age 22 to 25 years, height 178.3 ± 87.0 cm, weight 70.9 ± 0.42 kg for the male athlete and 24 to 27 years, height 160.9 ± 0.4 cm, weight 57.4 ± 0.5 kg for the female athlete. Postseason world rankings for the male athlete over the quad were 11th, 3rd, 3rd, and 9th and for the female athlete were 4th, 4th, 18th, and 6th, for 2006-2010, respectively.
Typical error of the group (%CV) and %SWE from 2009 are presented in Table 1 . Variability of the jump tests increased as control of the movement decreased from SJ (3.2%), CMJ (3.5%), to DJ (3.7%), and the within-session %CV was greater than the %SWE for all of the jump tests, ranging from 0.1% for the SJ up to 0.9% for the DJ.
Percent change, ES, jump performance, and World Cup rankings are presented in Table 2 and Figures 1, 2 , and 3 for the male and female mogul skiers over the quadrennial. For the male athlete, there was improvement in jump performance from Q1 (year 1 of the quadrennial, 2006) to Q2 for all jumps, with the largest increases in performance being in Q1 compared with the other years. However, the 1.5% increase (ES 0.16) in BJ was less than %SWE (Table  1) . Jump performance between Q2 and Q3 was variable, ES ranging from trivial to small. Improvements in jump performance from Q3 to Q4 were less than both %SWE and %CV, resulting in trivial ES. The overall improvements in jump performances from Q1 to Q4 showed significant increases that were greater than %SWE for all jumps, ES ranging from small to large (Table 2) .
Similar to the male athlete, the largest yearly change in jump data for the female athlete occurred from Q1 to Q2 (Table 2, Figure 3 ). Jump performance declined in Q3, possibly indicating a decline in explosive power. The increase in jump performance (>%SWE, ES ranging from small to moderate) seen from Q3 to Q4 is misleading and appears inflated due to the loss of explosive power in Q3. Similar to the male skier, there were moderate to large increases in jump performances from Q1 to Q4 for the female skier.
Discussion
To our knowledge, these are the first reported data of jump testing in world-class mogul skiers. Determination of %CV in combination with SWE and ES can be applied to an athlete's profile to identify changes in performance that are meaningful. The major findings of this case study were that a systematically integrated jump-testing protocol in world-class mogul skiers shows quadrennial improvements that are greater than both the %CV and SWE.
Typical error for jump testing (36 data points) ranged from 3.2% to 3.5% CV, and the %SWE ranged from 1.7% to 3.1% (Table 1) . Variability of the jump tests was comparable to previous research on various sports and levels of athletes, which showed variability ranging from 2.8% to 7.2%. 9, 10 It is necessary to look at both %CV of the test and %SWE for a group of athletes to determine if change in an athlete's score is real. A real change has occurred when an athlete's percentage change for a jump parameter is greater than both the %SWE and %CV. ES was used to describe the magnitude of the change that occurred between time points based on the typical variation of this group of mogul skiers. Changes in jump data from Q1 to Q4 for the male and female athletes were well beyond both the %SWE and the %CV (Tables 1 and 2) , with ES ranging from small to large, clearly indicating an improvement in explosive power over the quadrennial. Interpretations of yearly changes for some of the jumps were smaller and need to be interpreted with caution, as they are close to the %CV and %SWE, with trivial or small effect sizes.
The progression of jump performance over a quadrennial was seen for both world-class mogul athletes, who showed similar trends of improved explosive power (moderate to large) from Q1 to Q4. Year-to-year analysis indicates that the greatest improvements were seen between Q1 and Q2, ranging from trivial to large and moderate to large for the male and female athlete, respectively. It is important to note that the female athlete jump performance in Q3 for the female athlete was due to a focus on corrective exercise and injury prevention. An overuse knee injury prevented the inclusion of plyometric/explosive training for this year (A. King, personal communication, August 19, 2013). Jump testing is monitored throughout the season, so in addition to increasing power as a result of training and growth, the athletes learned to harness their explosive power to produce better jumps. Peak SJ height of 44.1 cm for the male skier is similar to reported jump heights of international male alpine skiers (42.7 ± 5 cm). 11 The peak CMJ height (46.2 cm) for the male athlete was below that reported for elite male athletes of other sports (football, track sprints, long jump, basketball, baseball, and volleyball; 58 ± 7 cm), 4,11 while the peak CMJ height (40.8 cm) for the female athlete was comparable to that of other elite female athletes (volleyball, basketball, football; 42.6 ± 6.3 cm). 11 Explosive power is a critical component of performance for moguls, and an analysis of the group data (Canadian athletes [2006] [2007] [2008] [2009] [2010] shows that of all performance markers, jump testing is the variable that clearly delineates between World Cup and developmental athletes.
